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Summary
Mitosis and cytokinesis not only ensure the proper segrega-
tion of genetic information but also contribute importantly to
morphogenesis in embryos [1–4]. Cytokinesis is controlled
by the central spindle, a microtubule-based structure con-
taining numerous microtubule motors and microtubule-
binding proteins, including PRC1 [4–8]. We show here that
central spindle assembly and function differ dramatically
between two related populations of epithelial cells in devel-
oping vertebrate embryos examined in vivo. Compared to
epidermal cells, early neural epithelial cells undergo exag-
gerated anaphase chromosome separation, rapid furrowing,
and a marked reduction of microtubule density in the spindle
midzone. Cytokinesis in normal early neural epithelial cells
thus resembles that in cultured vertebrate cells experimen-
tally depleted of PRC1 [5, 6, 9, 10]. We find that PRC1 mRNA
and protein expression is surprisingly dynamic in early verte-
brate embryos and that neural-plate cells contain less PRC1
than do epidermal cells. Expression of excess PRC1 amelio-
rates both the exaggerated anaphase and reduced midzone
microtubule density observed in early neural epithelial
cells. These PRC1-mediated modifications to the cytokinetic
mechanism may be related to the specialization of the mid-
body in neural cells [11–15]. These data suggest that PRC1
is a dose-dependent regulator of the central spindle in verte-
brate embryos and demonstrate unexpected plasticity to fun-
damental mechanisms of cell division.
Results and Discussion
Changes in cell behaviors often accompany the tightly regu-
lated changes in gene expression in developing embryos. For
example, patterned expression of cytoskeletal regulators
controls coordinated cell shape changes during morphogene-
sis of the vertebrate neural tube [16]. More fundamental as-
pects of cell behavior, such as cytokinesis, also vary during
development, and such variation could have developmental
consequences. Cell division has been studied extensively in
vertebrate cultured cells and in very early cleavage-stage em-
bryos, but little is known about the basic mechanisms of cyto-
kinesis in more mature vertebrate embryos.
Because of their external development and very large cell
size, the embryos of the frog Xenopus provide exceptional
*Correspondence: wallingford@mail.utexas.eduaccess to cell behaviors associated with vertebrate embryo-
genesis [17]. We chose to exploit these attributes to compare
cytokinesis in two ectoderm-derived, superficial epithelial cell
populations that are each engaged in extensive proliferation.
First, we chose to examine the early neural plate, which will
eventually roll up to form the hollow central nervous system
characteristic of vertebrate animals [18–20]. The second pop-
ulation of cells chosen was the tailbud epidermis [21]. The
superficial position of these tissues allows comparison by
high-resolution confocal imaging (Figure S1, available online).
The mechanism of cytokinesis is highly conserved among
metazoans, and given that both tissues are ectodermally de-
rived, we were surprised to find striking differences in cytoki-
netic mechanisms between these two cell populations.
In vivo time-lapse imaging of intact Xenopus embryos
revealed that cells in the neural plate exhibit a marked exag-
geration of anaphase spindle elongation (anaphase B). Chro-
mosomes separated in these cells until the chromatin closely
apposed the cell cortex (Figure 1A, bracket; Figure 1C; Movie
S1; Figure S2B). In contrast, in the tailbud epidermis, anaphase
chromosomes stopped in roughly the geometric center of the
new daughter cells (Figure 1B, bracket; Figure 1C; Movie S2;
Figure S2B), a pattern similar to that of many vertebrate cells
dividing in culture.
This change in the extent of anaphase was accompanied by
a shift in the timing of cytokinetic furrowing (Movies S1 and S2).
The early neural and later epidermal cells are of similar size and
required roughly similar time periods to complete cytokinesis
(Figure S2A; Figures 1A and 1B). However, cytokinesis in epi-
dermal cells began roughly 4 min after anaphase onset, but
the onset of furrowing was delayed in neural cells, beginning
roughly 6 min after anaphase onset (Figures 1A and 1B, arrow-
heads; Figure 1D). A short burst of accelerated ingression of
the cleavage furrow in neural cells compensated for the
delayed start of cytokinesis, allowing both populations to
complete furrowing by about 12 min after anaphase onset
(Figure 1E).
Chromosome separation and cytokinesis are controlled in
large part by the mitotic spindle [4], so we examined spindle
dynamics in neural-plate and tailbud epidermal cells. Using
tau-GFP to visualize microtubules [22] in tail epidermal cells,
we observed a typical sequence of events: An obvious micro-
tubule-rich spindle formed and spanned the midzone through-
out anaphase and telophase (Figure 2A, Movie S3). Later in
telophase, the microtubules at the midzone were compressed
into a prominent, microtubule-rich midbody by the ingressing
cytokinetic furrow (Figure 2E, arrow). Throughout anaphase
and telophase, tau-GFP revealed an obvious microtubule-
rich spindle that was consistently observed spanning the mid-
zone.
By contrast, imaging of tau-GFP in neural-plate cell divisions
revealed a dramatic decrease in microtubule density in the
spindle midzone during late anaphase and early telophase
(Figure 2B, Movie S4). Midzone microtubules of early neural
cells were almost entirely disassembled prior to the onset of
cytokinesis, leaving a microtubule-poor zone between the
ingressing cleavage furrows (Figures 2B and 2I, arrow). As cy-
tokinesis progressed, microtubules were concentrated at or
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117Figure 1. Novel Modifications to Cytokinetic Mechanisms in Early Neural Epithelial Cells In Vivo
(A and B) Still frames taken from movies of cell division in later tail epidermal cells (A) or in earlier neural epithelial cells (B). Membranes are labeled with RFP,
and chromosomes are labeled with H2B-GFP. Bracket indicates distance between chromosomes and cell cortex; arrowhead indicates onset of cytokinesis;
time is indicated as min:s in each panel; scale bars represent 10 mm.
(C) Graph illustrating chromosome separation during anaphase in early neural (blue) and later epidermal (pink) cells expressed as percentage of cell length
(n = 20 cells from three different embryos). Cell sizes are comparable between these two populations (see Figure S2).
(D) Graph showing progress of cytokinetic furrow ingression over time for early neural (blue) and late epidermal (pink) cells (n = 20 cells from three different
embryos).
(E) Graph showing instantaneous rate of cytokinetic furrow ingression at time points during mid-cytokinesis for early neural (pink) and late epidermal (blue)
cells (n = 20 cells from three different embryos).
(F and G) Still frames taken from movies showing the lifetime of the midbody in the late epidermis (G) and the early neural tissue (F). Microtubules are labeled
with Tau-GFP, and membranes are labeled with membrane-RFP. Arrowheads indicate midbodies.
(H) Graph showing average midbody lifetime for late epidermal (pink) and early neural (blue) cells (n = 14 neural cells from three different embryos; n = 11
epidermal cells from two different embryos).near the ingressing furrow. These microtubules accumulated
around the cytokinetic furrow as it ingressed, and only in late
telophase did these microtubules bundle to form a midbody
(Figures 2B and 2J, arrowhead).
These differences in midzone microtubule density were
confirmed by immunostaining for a-tubulin (Figures 2C–2J).
To quantify this difference, we used identical imaging param-
eters and measured pixel intensity along the length of the spin-
dle in immunostained cells, as indicated in Figure 3 (dashed
lines in panels A and B). We averaged pixel intensity across
the spindles of several cells, and the compiled data are shown
in Figure 3F. In tailbud epidermal cells, we observed a consis-
tently high density of a-tubulin signal across the length of the
spindle, except in the center of the midbody, which is inacces-
sible to tubulin antibodies [23] (Figure 3F, pink line). By con-
trast, average microtubule density in neural-plate cells wassignificantly lower across most of the midzone, though density
at the spindle poles was comparable to that in epidermal cells
(Figure 3F, dark blue line).
Our data thus indicate that Xenopus embryonic epidermal
epithelial cells divide with kinetics and morphologies reminis-
cent of human cells in culture. By contrast, neural-plate cells
display rapid and exaggerated anaphase chromosome sepa-
ration, rapid cytokinetic furrowing, and reduced microtubule
density in the spindle midzone. This spectrum of modifications
to the pattern of cytokinesis is similar to that observed in cells
experimentally depleted of the microtubule-bundling protein
PRC1 [5–10]. These findings suggested the possibility that
the differences we identified in cell-division mechanisms be-
tween neural and epidermal cells may be governed by PRC1.
We therefore examined the spatiotemporal pattern of PRC1
transcription by using in situ hybridization. Because PRC1 is
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118Figure 2. Decreased Microtubule Density in the Spindle Midzone of Neural-Plate Epithelial Cells In Vivo
(A and B) Still frames from movies of late epidermal epithelial cells (A) or early neural epithelial cells (B) showing the distribution of Tau-GFP-labeled micro-
tubules during cytokinesis; membranes are labeled with membrane-RFP, and chromosomes in the late epidermis are labeled with H2B-RFP.
(C–J) Immunohistochemistry for a-tubulin in late epidermal (C–F) and early neural (G–J) cells confirm the microtubule distributions seen in time-lapse movies.
Scale bars represent 10 mm.considered to be a constitutively required element of the cyto-
kinesis machinery in vertebrates [5, 6, 9, 10], we were surprised
to find that PRC1 transcription in embryos was highly dynamic
and that the expression pattern did not simply parallel cell
proliferation. In neurula-stage embryos, we observed very
low-level expression of PRC1 mRNA in the neural plate,
though expression was undetectable in other regions of the
embryo (Figure 4A). We observed that during tailbud stages
PRC1 mRNA was expressed in a complex pattern, with very
high-level expression being observed in the developing brain,
kidney, tailbud, and branchial arches and very low expression
in other regions of the embryo (Figure 4B). These differences in
PRC1 expression levels in neurula and tailbud embryos were
reflected in western blots, where abundant PRC1 protein
was detected in tailbud embryos but very little was detected
in neurulae (not shown).
We next sought to compare levels of PRC1 protein specifi-
cally in neural-plate and tailbud epidermal cell populations.
To this end, we collected embryos from a single clutch atboth neurulation and tailbud stages, and these embryos were
immunostained simultaneously and imaged with identical
parameters by confocal microscopy. PRC1 levels were then
quantified by measurement of pixel intensity along lines, as
indicated by white arrows in Figures 4C and 4D. Although the
signal from concentrated foci of PRC1 in midbodies was com-
parable in neural-plate and tail epidermal cells (Figure 4E,
arrow, arrowhead), the cytoplasmic PRC1 signal in interphase
cells was consistently lower in neural cells as compared to
tail epidermal cells (Figure 4E). This difference was consistent
across several embryos (Figure 4F). Together, our in situ
hybridization, western blotting, and immunostaining data sug-
gest that neural-plate cells express lower levels of PRC1 pro-
tein than do tail epidermal cells.
We then examined the recruitment of PRC1 to the central
spindle during cytokinesis. PRC1 localized to the central spin-
dle during anaphase and early telophase in Xenopus epider-
mal cells in vivo (Figures 4G and 4G0), as has been observed
in cultured HeLa cells [5]. By contrast, we found many
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119Figure 3. Excess PRC1 Converts Neural Cell-Division Mechanisms to a More Epidermal-Like Mechanism
(A) a-tubulin immunostaining of a neural-plate cell during early telophase. Dark blue dashed line indicates position of line scanning for data shown in (F).
(B) a-tubulin antibody staining of a tail epidermis cell during early telophase. Pink dashed line indicates position of line scanning for data shown in (F).
Brackets in (B) and (C) indicate the distance between chromosomes and the cell cortex.
(C) a-tubulin immunostaining of a neural-plate cell overexpressing PRC1-GFP. Light blue dashed line indicates position of line scanning for data shown in (F).
(D) Still frames from a movie of division in a GFP-negative early neural epithelial cell.
(E) Still frames from a movie of division in a GFP-positive (PRC1-expressing) early neural epithelial cell.
(F) Graph of a-tubulin intensity across the early-telophase spindle of the early-neural-plate cells (dark blue line; n = 13), tailbud epidermal cells (pink line;
n = 6), and early-neural-plate cells overexpressing PRC1-GFP (light blue line; n = 12).
(G) Graph of anaphase chromosome separation (expressed as percentage of cell length) in neural-plate cells (dark blue line; n = 12), tailbud epidermal cells
(pink line; n = 20), and neural-plate cells overexpressing PRC1 (light blue line; n = 12).instances of neural-plate cells in which cytokinesis was well
underway, but in which PRC1 had not yet accumulated in the
midzone (Figures 4H and 4H0). By late telophase, PRC1 accu-
mulated robustly in the midzone (Figures 4I and 4J), coincident
with the formation of bundled midzone microtubules. We ob-
served a similar delay in recruitment of another microtubule-bundling protein, MKLP1. MKLP1 accumulated in the spindle
midzone during early anaphase in epidermal cells, but not
until late anaphase or early telophase in neural cells (Figures
S3A and S3B). A similar delay was observed in time-lapse
movies of embryos expressing MKLP1-GFP (Movies S7 and
S8). This delay in recruitment of PRC1 and MKLP1, both
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120Figure 4. PRC1 is Dynamically Expressed in the
Developing Xenopus Embryo
(A) In situ hybridization of PRC1 mRNA in an
early-neural-plate-stage embryo. Arrowheads
outline the border of the neural plate.
(B) In situ hybridization of PRC1 mRNA in a late-
tail-epidermis-stage embryo. Arrowheads show
areas of high expression of PRC1 mRNA, includ-
ing the brain, kidney, and tailbud.
(C) Immunostaining of PRC1 in the tailbud epider-
mis. White arrow indicates the line scan indicated
by the pink line in (E). Red arrowhead indicates
a midbody stained by PRC1. Scale bar repre-
sents 20 mm.
(D) Immunostaining of PRC1 in the neural plate.
White arrow indicates the line scan (indicated by
the blue line in (E). Red arrow indicates a midbody
stained by PRC1. Scale bar represents 20 mm.
(E) Graph of line scans for PRC1 signal intensity in
representative tailbud epidermal cells (pink) and
neural-plate cells (blue). Arrow and arrowhead in-
dicate the intense signal at midbodies in both cell
types.
(F) Graph of the mean pixel intensity of inter-
phase, cytoplasmic PRC1 immunstaining signal
for tailbud epidermis cells (pink bar; n = 12 em-
bryos) and neural-plate cells (blue bar; n = 7 em-
bryos).
(G) Immunostaining for PRC1 (green) and a-tubu-
lin (red) in a tailbud epidermal cell at early telo-
phase. PRC1 channel alone is shown in (G0);
PRC1 is concentrated around bundled microtu-
bules in the midzone. Scale bar represents 5 mm.
(H) Immunostaining for PRC1 (green) and a-tubu-
lin (red) in a neural-plate cell at early telophase.
PRC1 channel alone is shown in (H0); despite cy-
tokinesis onset, PRC is not concentrated in the
midzone. Scale bar represents 5 mm.
(I and J) By late telophase, PRC localizes to the
central spindle in both epidermal cells (I, I0) and
neural cells (J, J0).
to late telophase in both neural-plate
and tailbud epidermal cells (Figure S4).
Together, our data raise the possibility
that reduced PRC1 protein levels might
be responsible for the exaggerated spin-
dle elongation and reduced midzone
microtubule density in early neural epi-
thelial cells. To test this idea, we microin-
jected plasmid DNA to mosaically over-
express human PRC1-GFP in these
cells [24]. Using measurements of pixel
intensity across the spindle of immuno-
stained embryos, we found that microtu-
bule density in the normally microtubule-
poor midzone of neural-plate cells was
dramatically increased by the presencemicrotubule-bundling proteins, is consistent with the de-
creased microtubule density observed in the spindle midzone
in these cells (Figure 2). Using immunostaining, we also
observed that the passenger proteins Aurora B and INCENP
were each localized properly to the spindle midzone by mid-of excess PRC1 (Figures 3C and 3F).
Thus, the profile of microtubule density
in the spindle of neural-plate cells ectopically expressing
PRC1 resembles that of tailbud epidermal cells. This effect
was specific to PRC1, given that other microtubule-binding
proteins such as tau-GFP did not elicit this phenotype (e.g.,
Figure 2A).
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crotubule density of neural cells, we next asked whether this
change in microtubule density corresponded to changes in
anaphase spindle elongation. In mosaic embryos, neural cells
lacking GFP divided with the exaggerated anaphase typical of
neural cells in unmanipulated embryos (Figures 3D and 3G;
Figure S2C; Movie S9). By contrast, anaphase spindle elonga-
tion was markedly reduced in neural-plate cells expressing
ectopic PRC1-GFP (Figures 3E and 3G; Figure S2C). The final
distance separating daughter chromosomes in the PRC1-
GFP-positive early neural cells was similar to that seen in later
epidermal cells (Figure 3G). PRC1-GFP localized to the central
spindle during telophase in these cells (Figure 3E; Movie S10).
These data suggest that changing the levels of PRC1 can mod-
ify the extent of anaphase separation. Thus, both anaphase
separation and spindle-microtubule density profiles of neu-
ral-plate cells are converted to more epidermis-like patterns
by ectopic expression of PRC1.
Expression levels from plasmids injected into Xenopus em-
bryos are mosaic and vary widely from cell to cell [24]. En-
hanced midzone microtubule density and reduced anaphase
separation were observed only in neural cells expressing low
or moderate levels of ectopic PRC1-GFP. In cells expressing
higher levels of PRC1-GFP, thick cables of GFP-labeled micro-
tubules were observed (Figure S5A; Movie S11). Such aber-
rantly bundled interphase microtubules are observed in HeLa
cells overexpressing PRC1, but the bundles are disassembled
as those cells enter M phase, and cell division is normal [6].
In Xenopus neural cells, such microtubule bundles were ob-
served only in cells dividing abnormally; such cells were larger
than control cells, and most appeared multinucleate (Fig-
ure S5B). Nonetheless, when these cells entered M phase,
PRC1-GFP cables disassembled (Figures S5C, S5C0, and
S5C00; Movie S11), indicating that mechanisms regulating
cell-cycle-dependent activity of PRC1 [5, 25] are in place in
early neural cells, but that these neural cells cannot divide
normally in the presence of high levels of PRC1. Together,
these results indicate that Xenopus embryonic cells are highly
sensitive to changes in PRC1 protein level.
PRC1 is an essential component of the central spindle and is
required for cytokinesis in most cell types [6–10]. We show
here that PRC1 expression, central spindle assembly, and cy-
tokinetic mechanisms are developmentally regulated in early
vertebrate embryos and differ even among ectoderm-derived
epithelial cell types. An outstanding question relates to the
developmental role of such modified cell divisions. These
mechanisms may be related to specializations of the midbody.
The midbody is a microtubule-based structure forming at the
final abscission point of dividing cells [23, 26, 27], and it is
highly specialized in neural cells [11–14]. For example, the
microtubules that form the apical processes of mature neuro-
epithelial cells are derived from the midbody [14]. Moreover,
once division is complete, midbodies of neural cells can be
released from the apical cell surface into the neural-tube lu-
men, an event that is implicated in maintenance of the balance
of proliferative and neurogenic divisions [13]. This behavior
contrasts starkly with that of dividing HeLa cells, in which the
midbody is retained by one of the two daughter cells [28, 29].
Similar to those cells in the closed neural tube, we frequently
observed the apical release of midbodies in movies of our
open neural-plate cells expressing MKLP1-GFP (Movie S12).
Movies of tau-GFP and MKLP1-GFP also suggested that mid-
body lifetime was significantly lengthened in early neural cells
as compared to epidermal cells (Figures 1F–1H; Movies S5 andS6; data not shown). Perdurance of the midbody can also be
inferred from examination of fixed embryos in both mice and
chicks [12, 15]. We suggest that the observed modifications
to the cell-division mechanism in the present study may relate
to the proper assembly of these apically positioned, special-
ized midbodies.
In conclusion, although cytokinetic mechanisms are highly
conserved in animal cells, the in vivo imaging studies reported
here reveal a surprising degree of plasticity in the system. We
show that this fundamental process diverges dramatically
even among related cell populations in the same organism.
Our finding that such plasticity can be generated at the level
of PRC1 and the central spindle highlights an under-appreci-
ated diversity in the mechanisms by which the molecular
machinery driving cytokinesis can be deployed.
Experimental Procedures
Embryo Isolation and Injection
FemaleXenopus laeviswere injected with 700 ml of human chorionic gonad-
otropin (HCG) hormone and stored at 18C overnight. The next day, oocytes
were isolated from mothers and fertilized. Embryos were dejellied with a 3%
cystine solution in 1/33 MMR. Embryos were grown to the four-cell stage
and injected with mRNAs either into the two dorsal cells, for early neural;
or into the entire embryo, for late epidermis. mRNAs were made with the
mMessage kit (Ambion) and were injected as follows: membrane-RFP,
200 pg; H2B-GFP, 200 pg; H2B-RFP, 150 pg; and Tau-GFP, 50 pg. Human
PRC1-GFP-DNA was injected dorsally at a concentration of 200 pg.
Time-Lapse Imaging and Analysis
Embryos were injected with appropriate mRNA and grown to the correct
stage—stage 13 for early neural and stage 30 for late epidermis—and prep-
ped for confocal microscopy (Figure S1). Stage 13 embryos were placed in
a culture dish filled with 2% agarose with small wells made in the agarose
with a slightly melted hair comb. Embryos were inverted so that the dorsal
surface (the neural plate) faced the objective. Stage 30 embryos were
placed in a culture dish and immobilized by being covered with 100 ml of
0.8% low-melting-point agarose.
All imaging was performed with a Zeiss LSM5 PASCAL microscope with
either 403 planNeofluar (1.3 na) or 633 planApochromat (1.4 na) oil-immer-
sion objectives. Confocal optical slices were collected and maximum-inten-
sity projections were made with Zeiss LSM5 software. Distance mea-
surements were made from projected movies with Image Pro-Plus. For
presentation purposes, some movies have been processed with Abode Pho-
toshop. More detailed imaging and processing parameters are available in
the Supplemental Data.
Immunohistochemistry
For MT immunostaining (Figures 2 and 3), embryos were grown to appropri-
ate stages and fixed in 13 MEMFA [30] at 4C overnight. Embryos were
completely dehydrated in 100% methanol and stored overnight at –20C
in methanol. Embryos were then bleached in a light box in 60% methanol/
10% H2O2. Rehydration was done by 5 min washes: first with 50% methanol
in TBS, then with 25% methanol in TBST, and finally with 100% TBST. Em-
bryos were then blocked for 1 hr in 300 ml of TBS + 10% FBS + 5% DMSO.
Primary antibody, 1:250 dilution for mouse-anti-a-tubulin (Sigma), was
added to this mixture, and embryos were incubated overnight at 4C. Em-
bryos were washed 53 per hr in TBST and blocked again as described
above, and secondary antibody was added, 1:200 dilution for anti-mouse-
alexa-488. Embryos were incubated again overnight at 4C. Secondary an-
tibody solution was discarded, and embryos were washed 53 1 hr in TBST.
In some cases, during the last wash a dilution of 1:2000 of propidium iodide
was added to label nuclei.
For immunostaining of central spindle and passenger proteins (Figure 4;
Figures S3 and S4), embryos were grown to appropriate stages and fixed
in Dent’s Fix (80% methanol/20% DMSO) [31] overnight at 4C. Embryos
were fully dehydrated in methanol and stored at –20C overnight. Embryos
were slowly rehydrated by 5 min washes in 75% methanol in H2O, 50%
methanol in PTW, 25% methanol in PTW, and finally PTW. Embryos were
bleached in a light box in a solution of 0.33% H2O2, 0.5% formamide, and
2.5% 23 SCC. Embryos were then washed three times in TBST, for 5 min
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Primary antibody was added; rabbit-anti-PRC1 1:20 (BioLegend), rabbit-
anti-MKLP1 1:200 [32], rabbit-anti-INCENP 1:800 [32], Aurora-B 1:50 [32].
Embryos were incubated overnight at 4C. Embryos were washed 23 1 hr
in TBST. TBST was removed and 300 ml of mouse-anti-a-tubulin antibody +
blocking solution was added (1:250). Embryos were incubated for 1 hr at
room temperature. Embryos were washed again for 53 1 hr washes in
TBST. In some cases, during the last wash a dilution of 1:2000 of DAPI
was added to label nuclei.
Analysis of Immmunostaining Images
For measuring midzone MT density (Figure 3), pixel intensity measurements
(8 bit, 1–255) were made from projections of stacks, as indicated by dashed
lines in Figures 3A–3C. All measurements in Figure 3F were taken from
maximum-intensity projections of 10 mm stacks made by collection of 11
overlapped 4.5 mm optical sections (Z interval of 1 mm) with a 403 objective
and 4.53 zoom. All slices are 8 bit and have not been modified after acqui-
sition.
For measurements comparing PRC1 levels (Figure 4), pixel intensity mea-
surements were taken from stacks, as indicated by white lines in Figures 4C
and 4D. All measurements in Figures 4E and 4F were taken from maximum-
intensity projections of 26.8 mm stacks made by the collection of 13 overlap-
ped 4.5 mm optical sections (Z interval of 2.23 mm) with the 403 objective and
13 zoom. All images were 8 bit, and no postacquisition modifications were
performed. The images contain very small saturated regions corresponding
to intense PRC1 signal at midbodies; the saturated midbody regions were
removed for the population-level quantification shown in Figure 4F.
For Figures 2C–2J, all images were collected at 633magnification. Stacks
of varying sizes were made to incorporate all visible spindle microtubules in
each cell.
All quantified images were taken from embryos stained in Dent’s Fix [31].
Much Xenopus autofluorescence results from byproducts of aldhehyde
fixation [31], so these embryos have extremely low background signal.
Nonetheless, we imaged unstained embryos and found that neural-plate
cells had slightly higher background signal than did epidermal cells. Thus,
the differences in a-tubulin signal in Figure 3F and PRC1 signal in Figures
4E and 4F may vary slightly more than presented. More detailed imaging
parameters are available in the Supplemental Data.
Supplemental Data
Five figures, 12 movies, and three tables can be found at http://www.
current-biology.com/cgi/content/full/18/2/116/DC1/.
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